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To further investigate the differentiation of nail, this study 
examined the composition and expression patterns of nail 
keratin by using monoclonal antibodies specific for keratins 
characteristic of skin or hair differentiation. Immunoblotting 
studies revealed that bovine hoof plate contains skin and hair 
differentiation-specific keratins, whereas immunofluores-
cence staining also showed that both keratins were present in 
the suprabasal cells in the bovine nail matrix. Skin differen-
tiation-specific keratins were found to be expressed in the 
apical and dorsal nail matrices, whereas the hair differentia-
tion-specific keratins were expressed mainly in the ventral 
N ail originates from cells that are located in the dor-sal, apical, and ventral nail matrices. Nail keratino-cytes, as well as epidermal and hair keratinocytes, divide in the basal cell layer and finally develop into cornified cells that are composed mainly of 
keratin filaments, fi lament matrix proteins such as filaggrin [1] or 
high-sulfur-proteins [2], and the marginal band [3]. As a result of 
biochemical analysis showing that both nail and hair possess the 
same keratin filaments that are not present in the epidermis [2,4], 
nail has generally been considered as physiologically resembling 
hair more than skin. It has, however, also been reported that nail 
contains some epidermal keratin [5-6], from which we inferred 
that nail shares some cellular properties similar to those of skin. 
Although keratins have been classically thought to be filament 
proteins located in the cornified cells, recent studies have revealed 
that keratins are located not only in the cornified cells but also in the 
pre-cornified and non-squamous cells such as those of the esophagus 
and thymic reticulum [7 -10]. Furthermore, in the course of epithe-
lial cell differentiation, it has been demonstrated that skin, hair, 
corneal, and esophageal keratinocytes express a distinctive pair of 
keratins that are correlated with differentiation of the various 
epithelial cells [5,6,11-14], and which are thereby designated as 
differentiation-specific keratins [14]. Skin keratinocytes express a 
keratin pair consisting ofKl and KI0 keratins [11,15] (skin differ-
entiation-specific keratin [14]), whereas hair cells express hard kera-
tin [5], or trichocytic keratin [6,13] (hair differentiation-specific 
keratin [14]). 
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Abbrevia tions: 
FITC: fluorescein isothiocyanate 
NEPHG: non-equilibrium pH gradient electrophoresis 
Tris: Tris(dihydroxylmethyl)aminomethane 
nail matrix and partia~ly i~ the apical and dorsal nail matrices. 
Mo~eover, the locahzatlOn of the two types of keratins 
partIally overlapped. Double-label immunofluorescence 
showed that unusual keratinocytes that co-express skin and 
hair differentiation-specific keratins exist in the nail matrix. 
These results indicate that the nail matrix consists of both 
skin-type and hair-type differentiating cells and, addition-
ally, intermediate keratinocytes that may be progressing the 
pathways of both skin and hair differentiation. ] Invest Der-
matoI100:171-175,1993 
In the case of nail, we have previously reported that human nail 
contain~ both skin ~~d. hair differentiation-specific keratins [16], 
suggestmg .the pos~lbll.lty that . nail. consists of skin and hair-type 
cells. In thiS mvestt~atton, which IS an extension of our previous 
report [16], we exammed the types of differentiating cells that exist 
in nail matrices. Features concerning differentiation in the nail ma-
trix were investigated immunohistochemically. 
MATERIALS AND METHODS 
Antibody Monoclonal murine antibody AE13 [5], generously 
provided by Dr. T.-T. Sun (New York University), was utilized. 
This antibody has been shown to specifically recognize the acidic 
hard keratins unique. to h~ir and to demonstrate reactivity in the 
upper cortex and hair cuttcle cells but not in the deep hair bulb 
cells [5]. 
Monoclonal murine antibody KB.60 was purchased from Bioma-
kor. This ~ntibody has been shown to recognize mostly epithelial 
KI0 keratm and also to a lesser extent K1 keratin. It has also been 
shown to demonstrate reactivity in skin suprabasal cells but not in 
basal cells [15]. 
Gel Electrophoresis and. Immunoblot Analysis Samples of 
bovme hoof were ground mto fine powder after being frozen in 
liquid nitrogen and then extracted with 0.2 M Tris buffer (pH 9.0) 
containing 8 M urea and 0.2 M 2-mercaptoethanol. Extracts were 
ly?philized after dialysis agai~st dist!lled water, and subsequent anal-
y~ls wa~ performed by two-dimenSIOnal. gel electrophoresis. Two-
dlmensl~nal ~el electroph.oresls was run m the first dimension using 
non-.eqUllIbrIum pH gradient (N~PHG) gel containing 9.5 M urea, 
and m the second dimenSIOn usmg Laemmli's system [17], as de-
scribed by O'Farrell [1B]. For immunoblot analysis, separated pro-
teins were transferred from unstained gels to nitrocellulose mem-
branes. The membranes were then incubated with monoclonal 
antibodies AEl.3 and KB.60 and were visualized by avidin-biotin 
complex perOXidase method as described by Towbin et al [19]. 
Immunohistochemical Studies The bovine hoof tissues were 
obtained from cows immediately after being killed, frozen in liquid 
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Figure 1. Identification of skin and hair differentiation-specific keratins 
in bovine hoof by two-dimensional gel electrophoresis followed by 
irnmunoblotting. Keratins obtained from bovine hoof plate were sepa-
rated by two-dimensional gel electrophoresis and stained with Coomassie 
blue (a). NEPHG was performed in the first dimension and sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis was performed in the sec-
ond dimension. In parallel separations, irnmunoblotting was followed by 
using either AE13 (b) or KS.60 (c) antibody. Thin and thick arrows, hair and 
skin differentiation-specific keratins, respectively. Arrowheads, molecular 
weight markers. 
nitrogen, and then sliced for immunohistochemistry. Indirect im-
munofluorescence microscopy was performed using approximately 
4 J.lm-thick cryostat sections that had been fixed with acetone at 
- 20°C for 15 min. The second antibodies were Texas Red-
coupled rabbit anti-mouse IgG antibodies or fluorescein isothio-
cyanate (FITC) - coupled goat anti-mouse immunoglobulin G anti-
bodies (Cappel). 
RESULTS 
Figure 1 shows the specificity of antibodies used in this study to 
bovine keratins. Our two-dimensional sodium dodecylsulfate-
polyacrylamide gel electrophoresis (Fig la) showed that bovine 
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Figure 2. Histologic section of bovine hoof matrix. The nail unit in bo-
vine hoof consists of hoof plate (E), proximal nail (A), and nail matrix. Nail 
matrix is further divided into the dorsal (B), apical (C), and ventral (D) 
matrices. 
hoof has three AE13-positive components (pI < 5) with molecular 
weights ranging from 41-46 k (Fig Ib). Although the reactivity of 
AE13 antibody to bovine hair differentiation-specific keratins has 
not yet been reported. Heid and coworkers described that bovine 
acidic components of hair differentiation-specific keratins (tricho-
cytic cytokeratins) have molecular weights ranging from approxi. 
mately 41-44 k and isoelectric pH values lower than pH 5 [6,13]. 
As can be seen in Fig Ib, the AE13-positive polypeptides had molec-
ular weights and isoelectric values similar to those of the previously 
reported acidic components of bovine trichocytic keratins and there-
fore could be identified as a member of the bovine hair differentia-
tion-specific keratins . Furthermore, immunoblotting using KB.60 
antibody showed that bovine hoof contains polypeptides with mo-
lecular weights of 56 - 55 k, which are only slightly detectable by 
Coomassie blue but are able to be stained strongly with K8.60 anti-
body (Fig la, c). According to the catalog of bovine keratins prepared 
by SeiHer et al [20], the polypeptides shown in Fig lc with molecular 
weights of 56-55 k may possibly be classified as bovine K13/K14 
keratins, which correspond to the human acidic com.l'0nents of skin 
differentiation-specific keratins (KI0/Kll keratins l21]). The same 
polypeptides (Fig le) reacted with KB.60 antibody and were there-
fore able to be identified as members of the bovine skin differentia-
tion-specific keratins. 
Although the coexistence of both kinds of differentiation-specific 
keratins suggests the possibility that nail consists of at least two 
different types of keratinocytes and progresses along the pathways 
of both skin and hair differentiation, it raises the cautionary note 
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Figure 3 .. Indirect ~mmuno~uorescence staining correspo?ding to regions in Fig 2. Serial sec:tions w~re staine~ by either KB.60 (a) or AE13 (b) antibody. 
KB.60 antibody stams cells m the dorsal (8) and apical nail matrices (C), whereas AE13 stams cells m the apical (C) and ventral nail matrices (0) and, 
additionally, some cells in the dorsal nail matrix (8). 
that skin differentiation-specific keratins extracted from bovine 
hoof may be contaminated by some epidermal keratins from the 
proximal nail fold. 
To clarify the location of these keratins in bovine hoof matrix, we 
performed indirect immunofluorescence staining on frozen sections 
of bovine hoof matrix using either KS.60 or AE13 antibodies. Fig-
ure 2 shows a histologic section of the hoof matrix used for immuno-
fluorescence staining. The nail unit consists of the hoof plate (nail 
cornified cells) and nail tissues that are compartmentalized into the 
following three portions: 1) nail bed, upon which the nail plate 
rests; 2) nail matrix, which produces nail cornified cells; and 3) 
proximal nail, which is a part of the epidermis. Moreover, the nail 
matrix is divided into three compartments, i.e., dorsal, apical, and 
ventral matrices as shown in Fig 2. 
Figure 3 shows immunofluorescence microscopy stained by 
KB.60 and AE13 antibodies. KS .60 reacted with the suprabasal cells 
in the proximal nail fold and the dorsal nail matrix, and furthermore 
in some areas of the apical nail matrix (Fig 3a). On the other hand, 
AE 13 reacted with the suprabasal cells in the ventral and apical nail 
matrices, and furthermore reacted with some cells in the dorsal nail 
matrix, which lies close to the dorsal surface of the hoof plate (Fig 
3b). Although most of the cells positive for KS .60 were located apart 
from the cells positive for AE13, the two types of nail cells appeared 
to be mixed in the dorsal nail matrix close to the dorsal surface of the 
hoof plate and in some areas of the apical nail matrix. The mixed or 
probably overlapped expression of keratins suggested the possibility 
that cells that coexpress both groups of differentiation-specific ker-
atins exist in nail matrix. Accordingly, we examined the expression 
patterns of keratins in more detail by using double-label immunoflu-
orescence staining. 
Figure 4 shows double-label immunofluorescence staining in the 
apical (Fig 4a)and .dorsal nail matrices (F.ig 4b) by using both KS.60 
a~d AE1~ ~ntlbodles. The red color mdlcates cells expressing skin 
differentiation-specific keratms whereas the green color indicates 
cells expressing hair differentiation-specific keratins. Moreover, we 
were ~ble to ?b~erve yel!ow-colored cells, revealing that skin and 
hair differentiatIOn-specific keratms are coexpressed in the same 
cells. 
DISCUSSION 
Previous studies [5,6] concerning hair keratins have shown that 
AE13 or GP19.an~ibody react with either two or four acidic compo-
nents. of the .halr dl~erentl~tlon-specific keratins (designated as hard 
kerat1l1 or tnchocytlc keratms) that are also expressed in human nail. 
In this study, to characterize nail keratins in relation to the differen-
tiation of nail, we used AE13 and KS.60 antibodies. Although AE13 
antibody has been reported as being able to recognize the acidic 
componen.ts of human hair differentiation-specific keratin with mo-
lecular. welgl~ts ?f 44 a~d 46 k [5], the reactivity of AE13 antibody 
to bov1l1e hair differentiation-specific keratins has not yet been re-
ported. However, our .11umunoblotting data showing that AE13 
reacted with three aCidic polypeptides components of bovine hoof 
th~re~y sugg~st ~hat AE1.3 antibody may be useful for the analysis of 
hair differentiation-specific keratins in bovine hoof. On the other 
hand, although it has been reported that human nail and bovine 
hoof contain hair differentiation-specific keratins together with 
some epidermal keratins that are related to K4, K5, K14, and KI6 
[5,6,22J, our immunoblotting revealed that bovine hoof contains 
skin differentiation-specific keratin (KI0) in addition to the previ-
ously reported epidermal keratins. As similar characteristics in the 
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Figure 4. Double-label immunofluorescence staining of the bovine dor-
sal (a) and apical (b) nail matrix. Immunostaining was performed initially 
with AE13 antibody followed by FlTC-coupied second antibody (green) 
and subsequently performed with K8.60 antibody followed by Texas 
Red - coupled second antibody (red). Note the existence of yellow cells, 
which are reactive for both AE13 and K8.60 antibodies. 
keratin composition were also confirmed in our previous study con-
cerning the human nail [16], we suggest that nail consists of skin and 
hair differentiating cells. However, as our biochemical study alone 
does not allow us to draw any conclusions concerning the location 
of these keratins in nail cells, we therefore examined the pattern of 
the keratin expression in nail cells immunohistochemically. 
With regard to the location of keratins in bovine hoof, Baden and 
Kubilus reported that hair differentiation-specific keratins are ex-
pressed throughout the nail matrix and nail bed [23], whereas Heid 
et al [24] examined the expression patterns of keratins in fetal nail 
matrix using KS.60 and GP19 antibodies and showed that although 
skin differentiation-specific keratins are located on the dorsal nail 
matrix and proximal nail fold, trichocytic keratins are located on the 
ventral nail matrix and nail bed. In this study, although we carried 
out examinations using AE13 antibody instead of GP19 antibody, 
our immunohistochemical results were in good agreement with the 
results of Heid et aI, and supported their suggestion that both skin 
and hair differentiating cells are involved in nail development [24]. 
Such coexistence of hair differentiation-specific keratins together 
with other epithelial keratins has also been described in reference to 
the hair follicle [24,25] and dorsal tongue epithelia [26]. In the 
cuticle of the human hair follicle, cells coexpressing skin and hair 
differentiation-specific keratins have been identified by double-la-
bel immunofluorescence microscopy. We extended Heid e/ aI's 
study [24] and proceeded to identity nail cells that co express both 
types of differentiation-specific keratins. Our double-label staining 
enabled the cellular population in nail to be more clearly observed, 
revealing that the nail matrix contains unusual types of cells that 
coexpress skin differentiation-specific keratins together with hair 
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differentiation-specific keratins. In fetal human development, it has 
been reported that the precursor nail-forming cells, which finally 
express hair differentiation-specific keratins, are derived from kera-
tinocytes possessing only epidermal keratins, and it was shown that 
the partially overlapping locations of hair and skin differentiation-
specific keratins appear in the apical nail matrix [25]. When consid-
ered together with our double-label immunofluorescence staining 
results, these findings raise the possibility that unusual nail cells that 
coexpress skin- and hair-specific keratins are intermediate keratino-
cytes that possibly progress to pathways of both skin and hair differ-
entiation. Although it remains unclear at present as to whether the 
intermediate cells finally develop into skin- or hair-differentiating 
cells, the function and regulatory mechanism of differentiation in 
such unusual nail cells is extremely interesting. 
We thank Dr. T.-T. Sun, New York University, for providing AE13 antibody. 
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